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CREATING BI - DIRECTIONAL CO - SHARED In another embodiment , a resource reservation network , 
SESSIONS AND SWITCHING includes : a session creation module ( SCM ) configured to 

BI - DIRECTIONAL CO - SHARED SESSIONS create a bi - directional parent session ( Sp ) , between first and 
second session partners , by : allocating co - shared network 

CROSS - REFERENCE TO RELATED resources over a first network hop directly connected to the 
APPLICATIONS first session partner , and allocating network resources over 

a second network hop directly connected to the second 
This Application is a Divisional of U . S . application Ser . session partner ; the SCM is further configured to create a 

No . 15 / 223 , 295 , filed Jul . 29 , 2016 . U . S . Ser . No . 15 / 223 , bi - directional derivative session ( Sd ) between the first ses 
295 claims priority to U . S . Provisional Patent Application 10 sion partner and a third session partner , by : allocating 
Ser . No . 62 / 209 , 414 , filed Aug . 25 , 2015 , and claims priority network resources to the Sa over a third network hop that is 
to U . S . Provisional Patent Application Ser . No . 62 / 263 , 746 , directly connected to the third session partner , and not 
filed Dec . 7 , 2015 . allocating specifically for the S , all the network resources 

required for the Sd over the first network hop ; and the SCM 
BACKGROUND 15 is further configured to reassign a predetermined amount of 

the co - shared network resources ( PA - CSNR ) assigned to the 
A resource reservation network , as used herein , is a a S , using the following steps : ( i ) sending a first message , 

from the first session partner to the second session partner , network that supports reservation of bandwidth for a ses to request the second session partner to stop using the sion . Optionally , the resource reservation network also sup - 20 supr 20 PA - CSNR , ( ii ) sending a second message from the second ports reservation of end - to - end latency for the session , session partner to the first session partner , wherein each of 
end - to - end latency variation for the session , and / or max the network entities that operates the co - shared network 
burst size . resources for the S , registers in the second message whether 

Establishing a new session over a network takes a period it is set to assign the PA - CSNR to the S ; , and ( iii ) sending 
of time that is usually a function of the complexity of the 25 a third message , from the first session partner to the third 
network . In a resource reservation network there is also a session partner , which allows the third session partner to 
need to verify that the network can support the resources utilize at least some of the PA - CSNR for the St . 
guaranteed in a reservation in essentially any load condition , 
which may increase the session admission time . BRIEF DESCRIPTION OF THE DRAWINGS 

In the case of multiple high - bandwidth sessions , the prior 30 
art resource reservation networks may not support establish The embodiments are herein described by way of example 
ment of multiple high - bandwidth sessions in parallel only , with reference to the accompanying drawings . No 
because the prior art resource reservation network may not attempt is made to show structural details of the embodi 
have enough network resources ( such as bandwidth , and / or ments in more detail than is necessary for a fundamental 
ability to guarantee maximum latency and / or maximum 35 understanding of the embodiments . In the drawings : 
latency variation ) to support an existence of multiple high FIG . 1 illustrates one embodiment of a resource reserva 
bandwidth sessions in parallel . tion network that supports bi - directional co - shared sessions ; 

FIG . 2 illustrates one embodiment of a resource reserva 
SUMMARY tion network that maintains low latency variation of co 

40 shared sessions ; 
In one embodiment , a method for fast switching between FIG . 3 illustrates one embodiment of a resource reserva 

bi - directional co - shared sessions having different network tion network that maintains low latency of co - shared ses 
paths over a resource reservation network , includes : creating sions ; 
a bi - directional parent session ( Sp ) between first and second FIG . 4 illustrates one embodiment of a resource reserva 
session partners , by : allocating co - shared network resources 45 tion network that switches fast between bi - directional co 
over a first network hop directly connected to the first shared sessions having different network paths ; 
session partner , and allocating network resources over a FIG . 5 illustrates one embodiment of a method for cre 
second network hop directly connected to the second session ating bi - directional co - shared sessions over a resource res 
partner ; creating a bi - directional derivative session ( Sa ) ervation network ; 
between the first session partner and a third session partner , 50 FIG . 6 illustrates one embodiment of a method for fast 
by : allocating network resources to the S , over a third switching between bi - directional co - shared sessions having 
network hop directly connected to the third session partner , different network paths over a resource reservation network ; 
and not allocating specifically for the S , all the network and 
resources required for the Sa over the first network hop ; and FIG . 7A and FIG . ZB are schematic illustrations of 
reassigning a predetermined amount of the co - shared net - 55 possible embodiments for the session creation module 
work resources ( PA - CSNR ) assigned to the S , using the ( SCM ) that are able to realize one or more of the embodi 
following steps : ( i ) sending a first message , from the first ments discussed herein . 
session partner to the second session partner , to request the 
second session partner to stop using the PA - CSNR , ( ii ) DETAILED DESCRIPTION 
sending a second message from the second session partner 60 
to the first session partner , wherein each of the network In one embodiment , in order to allow fast switching 
entities that operates the co - shared network resources for the between different sessions that cooperate utilizing shared 
S , registers in the second message whether it is set to assign network resources ( denoted co - shared sessions ) , a network 
the PA - CSNR to the S ; , and ( iii ) sending a third message , controller may establish a parent session ( Sp ) and allocate 
from the first session partner to the third session partner , 65 cooperative shared network resources ( denoted co - shared 
which allows the third session partner to utilize at least some network resources ) to guarantee bandwidth and latency 
of the PA - CSNR for the S . variation for the Sp . Then the network controller may 
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establish a derivative session ( Sd ) , which utilizes at least the network controller 16 may be implemented by a central 
some of the co - shared network resources . The S , is allowed control point that may be coupled to the resource reservation 
to stream data below the maximum bandwidth of the Sy , and network 10 through a network interface , or be an integral 
the network resources allocated to Sa guarantee bandwidth part of the resource reservation network 10 . 
and latency variation for the S , . In some embodiments , is no need to allocate specifically 

FIG . 1 illustrates one embodiment of a resource reserva for the S , all the network resources required for the S , over 
tion network 10 that supports bi - directional co - shared ses - the first network hop because the S , co - shares the network 
sions . A session creation module ( SCM ) 11 creates a bi resources over the first network hop with the Sy , and these 
directional parent session ( Sp ) , between a first session network resources are reserved to the co - shared sessions . In 
partner 12 and a second session partner 13 , by : allocating 10 one example , no additional bandwidth allocations over the 
co - shared network resources over a first network hop 12a first network hop are performed in addition to the allocation 
directly connected to the first session partner 12 , and allo - of the co - shared network resources ) in order to add one or 
cating network resources over a second network hop 13a more Sg . In another example , a partial additional bandwidth 
directly connected to the second session partner 13 . The first allocation over the first network hop is performed in order to 
network hop 12a and the second network hop 13a are 15 add one or more St . In this example , the partial additional 
connected through a network entity 15a , such as a network bandwidth allocation adds less bandwidth than the maxi 
router and / or a network switch in the case of a packet mum aggregative bandwidth used by the one or more Sg . In 
switching network . After creating the Sy , all the data packets still another example , a partial additional bandwidth alloca 
traveling in either direction of the S , are guaranteed to travel tion is performed over the first network hop in order to add 
over the first and second network hops . 20 one or more S / . In this example , the partial additional 

The SCM 11 may also create a bi - directional derivative bandwidth allocation adds less than 50 % of the maximum 
session ( S , ) between the first session partner 12 and a third aggregative bandwidth used by the one or more S , over the 
session partner 14 , by : allocating network resources to the Sa first network hop . 
over a third network hop 14a that is directly connected to the It is noted that sentences such as “ a network hop directly 
third session partner 14 , and not allocating specifically for 25 connected to a session partner ” mean that the network hop 
the S , all the network resources required for the S , over the is the closest network hop coupled to the session partner . The 
first network hop 12a . After creating the Sj , all data packets closest network hop is still considered to be directly con 
traveling in either direction of the Sa are guaranteed to travel nected to the session partner when it is coupled to the session 
over the first and third network hops . partner through an adaptor and / or a point - to - point link able 

The first network hop 12a and the third network hop 14a 30 to serve just the session partner ( and therefore is not part of 
are illustrated in FIG . 1 as connected through network the shared network ) . 
entities 15a and 15b , respectively . However , network enti FIG . 7A and FIG . ZB are schematic illustrations of 
ties 15a and 15b may be the same network entity , may be possible embodiments for the session creation module 
connected through a single network hop , or may be con - ( SCM ) that are able to realize one or more of the embodi 
nected through multiple network hops . Examples of network 35 ments discussed herein . The SCM ( 70A , 70B ) may be 
entities suitable for the network entities 15a and 15b include implemented in various ways , such as , but not limited to , a 
network routers and / or network switches . The same is also computer , a server , a client , a network device , computing 
applicable for the network connection between the first devices embedded in a network switch , and / or any other 
network hop 12a and the second network hop 13a , and to computer form capable of executing a set of computer 
other embodiments describes herein . 40 instructions . Further , references to a SCM include any 

The resource reservation network 10 further includes a collection of one or more computers and / or electronic cir 
network controller 16 to manage fast switching between cuits that individually or jointly execute one or more sets of 
transmitting over the S , to transmitting over the S , and vice computer instructions to perform any one or more of the 
versa . The fast switching takes less than half the time disclosed embodiments . The SCM ( 70A , 70B ) may include 
required to create a new bi - directional session over the first 45 one or more of the following components : processor ( 71 , 
and third network hops , and may take even less than 77 ) , memory ( 72 , 78 ) , computer readable medium 73 , user 
one - tenth of the time required to create the new bi - direc - interface 74 , communication interface ( 75 , 79 ) , and bus 76 . 
tional session over the first and third network hops . In one In one example , the processor 71 may include one or more 
example , the network is able to switch between transmitting of the following components : a general - purpose processing 
over the S , to transmitting over the S , in less than 10 50 device , a microprocessor , a central processing unit , a com 
milliseconds . plex instruction set computing ( CISC ) microprocessor , a 

Although the SCM 11 and the network controller 16 are reduced instruction set computing ( RISC ) microprocessor , a 
illustrated in FIG . 1 as different network entities , the SCM very long instruction word ( VLIW ) microprocessor , a spe 
11 and the network controller 16 may be implemented by the cial - purpose processing device , an application specific inte 
same network entity . For example , the SCM 11 may be 55 grated circuit ( ASIC ) , a field programmable gate array 
implemented by the network controller 16 . Additionally , a ( FPGA ) , a digital signal processor ( DSP ) , a distributed 
single network controller may send all the network control processing entity , and / or a network processor . Continuing 
messages necessary to command the network elements , the example , the memory 72 may include one or more of the 
along the S , and the Sq , to change the distribution of session following memory components : CPU cache , main memory , 
properties between the S , and the Sg . In another example , the 60 read - only memory ( ROM ) , dynamic random access memory 
SCM 11 is implemented by the network controller 16 , and ( DRAM ) such as synchronous DRAM ( SDRAM ) , flash 
a single network controller may send all the network control memory , static random access memory ( SRAM ) , and / or a 
messages necessary to command the network elements , data storage device . The processor 71 and the one or more 
along the S , and the S7 , to switch between the S , and the St . memory components may communicate with each other via 
In still another example , the SCM 11 and the network 65 a bus , such as bus 76 . 
controller 16 may be implemented by the first session Optionally , the resource reservation network illustrated in 
partner 12 . Additionally or alternatively , the SCM 11 and / or FIG . 1 further includes a processor that executes a routing 
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protocol to create the S , and the Sd . Optionally , the S , S , any network resources over the first network hop , and 
utilizes the same S , ID for both directions . Additionally or configures the Sa to use network resources that were already 
alternatively , the S , utilizes the same S , ID for both direc allocated for the Sp . Optionally , the resource reservation 
tions . Optionally , the Sd utilizes the co - shared network network is an HDBaseT® network , and allocating network 
resources , and the SCM does not allocate specifically for the 5 resources to a session includes allocating network band 
S , any network resources over the first network hop . And width to the session . 
optionally , the resource reservation network is an HDBa - FIG . 2 illustrates one embodiment of a resource reserva 
seT® network , and allocating network resources to a session tion network 20 that maintains low latency variation of 
includes allocating network bandwidth to the session . co - shared sessions . A SCM 21 creates a bi - directional parent 

In one embodiment , method for creating bi - directional 10 session ( Sp ) , between a first session partner 22 and a second 
co - shared sessions over a resource reservation network session partner 23 , by : allocating co - shared network 
includes the following steps : In step 1 , creating a bi resources over a first network hop 22a directly connected to 
directional parent session ( Sp ) , between first and second the first session partner 22 , and allocating network resources 
session partners , by : allocating co - shared network resources over a second network hop 23a directly connected to the 
over a first network hop directly connected to the first 15 second session partner 23 . The first network hop 22a and the 
session partner , and allocating network resources over a second network hop 23a are connected through a network 
second network hop directly connected to the second session entity 25a , such as a network router and / or a network switch . 
partner . The S , guarantees that all data packets traveling in After creating the Sq , the network resources allocated to the 
either direction of the S , are traveling over the first and Sy guarantee a maximum end - to - end latency variation 
second network hops . 20 ( e2eLV ) below 100 microseconds for communications over 
And in step 2 , creating a bi - directional derivative session the S . 

( S . ) between the first session partner and a third session The SCM 21 calculates a maximum e2eLV of a potential 
partner , by : allocating network resources to the S , over a bi - directional derivative session ( S , ) between the first ses 
third network hop directly connected to the third session sion partner 22 and a third session partner 24 . The potential 
partner , and not allocating specifically for the S , all the 25 S , utilizes network resources over a third network hop 24a 
network resources required for the S , over the first network directly connected to the third session partner 24 , and 
hop . The S , guarantees that all data packets traveling in utilizes the co - shared network resources over the first net 
either direction of the S , are traveling over the first and third work hop 22a . It is noted that sentence such as " utilizes the 
network hops . co - shared network resources ” are to be interpreted as " uti 

Optionally , the method further includes switching 30 lizes at least some of the co - shared network resources ” , 
between transmitting over the S , to transmitting over the S , where some may span from a very small portion to 100 % of 
in less than half of the time required to create a new the co - shared network resources . And responsive to deter 
bi - directional session over the first and third network hops . mining that the maximum e2eLV of the S , being below 100 
Additionally or alternatively , the method further includes a microseconds , the SCM creates the Sd 
single network controller that sends all the network control 35 The SCM 21 may calculate the maximum e2eLV of a 
messages necessary to command the network elements , second potential S , between the first session partner 22 and 
along the S , and the Sa to change distribution of session a fourth session partner 27 that is connected through net 
properties between the S , and the Sd . Additionally or alter work hop 27a to the network entity 25a . The second 
natively , the method further includes a single network con potential Sd requires allocation of network resources over 
troller that sends all the network control messages necessary 40 the fourth network hop 27a , and utilizes the co - shared 
to command the network elements , along the S , and the Sja network resources over the first network hop 22a . And 
to switch between the S , and the St . Additionally , the responsive to determining that the expected maximum 
network controller may be implemented by a session partner e2eLV of the second Sd being above 100 microseconds , the 
directly connected to the first network hop . Additionally or SCM 21 refrains from creating the second Sd . 
alternatively , the network controller may be implemented by 45 Additionally or alternatively , the SCM 21 may calculate 
a central control point coupled to the resource reservation the maximum e2eLV of the second potential S , between the 
network . In one example , the resource reservation network first session partner 22 and the fourth session partner 27 . 
is an asymmetric network , and the single network controller And responsive to determining that the expected maximum 
sends all the network control messages necessary to com - e2eLV of the S , can exceed 100 microseconds , the SCM 21 
mand the resource reservation network to invert its asym - 50 refrains from creating the second S , . 
metric directionality . Optionally , the method further Optionally , the resource reservation network illustrated in 
includes utilizing a routing protocol while creating the S , FIG . 2 further includes a fourth session partner and a fourth 
and the Sg . In one example , utilizing the routing protocol network hop directly connected to the fourth session partner . 
guarantees that all the data packets , traveling in either The SCM calculates the maximum e2eLV of a second 
direction of the bi - directional session , travel over the same 55 potential S , between the first session partner and the fourth 
network path , even when the packets require different QoS . session partner ; wherein the second potential Sa requires 

Still referring to the method , the S , may utilize the same allocation of network resources over the fourth network hop , 
S , identification value ( ID ) for both directions . Additionally , and utilizes the co - shared network resources over the first 
the S , may utilize the same S , ID for both directions . In network hop . And the SCM refrains from creating the 
some cases , using the same session ID for both directions 60 second S , responsive to determining that the expected maxi 
may simplify the network . Additionally or alternatively , mum e2eLV of the second S , being above 100 microsec 
using the same session ID for both directions enables the onds . 
network elements along the path to determine how to route In another option , the resource reservation includes a 
the packets in both directions along the same path , which is fourth session partner and a fourth network hop directly 
possible because both directions along the same path use the 65 connected to the fourth session partner . The SCM calculates 
same session ID . Optionally , the S , utilizes the co - shared the maximum e2eLV of a second potential S , between the 
network resources , and does not allocate specifically for the first session partner and the fourth session partner ; wherein 
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Sg . 

the second potential Sd requires allocation of network Second S , responsive to determining that the expected maxi 
resources over the fourth network hop , and utilizes the mum e2eLV of the S , can exceed 100 microseconds as a 
co - shared network resources over the first network hop . And result of creating the second potential Sd 
the SCM refrains from creating the second S , responsive to Optionally , the resource reservation network guarantees 
determining that the expected maximum e2eLV of the S , can 5 maximum e2eLV below 50 microseconds for each of the S , 
exceed 100 microseconds as a result of creating the second and the Sd . Optionally , the resource reservation network 

guarantees maximum e2eLV below 20 microseconds for Still referring to the resource reservation network illus each of the S , and the Sc . In one embodiment , the network trated in FIG . 2 , the resource reservation network may guarantees a certain maximum e2eLV to the Sp , and the guarantee maximum e2eLV below 50 microseconds for each 10 other Sa are created only if the network can continue to of the S , and the St . Additionally or alternatively , the guarantee the certain maximum e2eLV to all the other resource reservation network may guarantee maximum 
e2eLV below 20 microseconds for each of the S , and the Sq . co - shared sessions that have guaranteed e2elV . The method 

may further include guarantying the e2eLV by limiting the Optionally , the packet length and maximum burst size are 
limited in order to guarantee the e2eLV . Optionally , the Sa 15 packet length and maximum ntee the ezel V . Optionally , the S , 15 packet length and maximum burst size below predetermined 
utilizes the co - shared network resources , and the SCM is levels . Optionally , the S , utilizes the co - shared network 
further configured not to allocate specifically for the S , any resources , and does not allocate specifically for the S , any 
network resources over the first network hop . Optionally , the additional network resources over the first network hop . 
SCM utilizes a routing protocol while creating the S , and the Optionally , the method may further include utilizing a 
Sa in order to guarantee that all data packets traveling in 20 routing protocol while creating the S , and the S , in order to 
either direction of each of the S , and the S , travel over the guarantee that all data packets traveling in either direction of 
same network paths . Optionally , the S , utilizes the same S , each of the S , and the S , travel over the same network paths . 
identification value ( ID ) for both directions , and the sa Optionally , the S , utilizes the same s , identification value 
utilizes the same S , ID for both directions . Optionally , the ( ID ) for both directions , and the S , utilizes the same S , ID 
SCM is implemented within at least one of the session 25 for both directions . Optionally , at least one of the session 
partners , and / or within a switch element , and / or within a partners manages the creation of at least one of the S , and 
central network controller . And optionally , the resource the Sd . Optionally , a switch element manages the creation of 
reservation network is an HDBaseT® network , and allocat - at least one of the S , and the S , . And optionally , a central 
ing network resources to a session includes allocating net - network controller manages the creation of at least one of the 
work bandwidth to the session . 30 S , and the Sd . 

In one embodiment , method for maintaining low latency FIG . 3 illustrates one embodiment of a resource reserva 
variation of co - shared sessions over a resource reservation tion network 30 that maintains low latency of co - shared 
network includes the following steps : In step 1 , creating a sessions . A SCM 31 creates a bi - directional parent session 
bi - directional parent session ( Sp ) , between first and second ( Sp ) , between a first session partner 32 and a second session 
session partners , by : allocating co - shared network resources 35 partner 33 , by : allocating co - shared network resources over 
to the S , over a first network hop directly connected to the a first network hop 32a directly connected to the first session 
first session partner , and allocating network resources over partner 32 , and allocating network resources over a second 
a second network hop directly connected to the second network hop 33a directly connected to the second session 
session partner . The network resources allocated to the S , partner 33 . The first network hop 32a and the second 
guarantee maximum end - to - end latency variation ( e2eLV ) 40 network hop 33a are connected through a network entity 
below 100 microseconds . 35a , such as a network router and / or a network switch . After 

In step 2 , calculating maximum e2eLV of a potential creating the So , the network resources allocated to the S , 
bi - directional derivative session ( Sd ) between the first ses - guarantee a maximum end - to - end latency ( e2eL ) below 300 
sion partner and a third session partner . The potential S , microseconds for communications over the S . 
utilizes network resources over a third network hop that is 45 The SCM 31 calculates a maximum e2eL of a potential 
connected to the third session partner , and utilizes the bi - directional derivative session ( S . ) between the first ses 
co - shared network resources over the first network hop . sion partner 32 and a third session partner 34 . The potential 
And in step 3 , creating the S , responsive to determining S , utilizes network resources over a third network hop 34a 

that the maximum e2eLV of the potential S , being below 100 directly connected to the third session partner 34 , and 
microseconds . 50 utilizes the co - shared network resources over the first net 

In one embodiment , the method may further include work hop 32a . And responsive to determining that the 
calculating maximum e2eLV of a second potential S , maximum e2eL of the S , being below 300 microseconds , the 
between the first session partner and a fourth session partner . SCM creates the St . 
The second potential S , utilizes allocated network resources The SCM 31 may calculate the maximum e2eL of a 
over a fourth network hop directly connected to the fourth 55 second potential S , between the first session partner 22 and 
session partner , and utilizes the co - shared network resources a fourth session partner 37 that is connected through net 
over the first network hop . And refraining from creating the work hop 37a to the network entity 35a . The second 
second S , responsive to determining that the expected maxi - potential S , requires allocation of network resources over 
mum e2eLV of the second potential S , being above 100 the fourth network hop 37a , and utilizes the co - shared 
microseconds . 60 network resources over the first network hop 32a . And 

In another embodiment , the method may further include responsive to determining that the expected maximum e2eL 
calculating maximum e2eLV of a second potential S , of the second S , being above 300 microseconds , the SCM 31 
between the first session partner and a fourth session partner . refrains from creating the second Sj . 
The second potential S , utilizes allocated network resources Additionally or alternatively , the SCM 31 may calculate 
over a fourth network hop directly connected to the fourth 65 the maximum e2eL of the second potential S , between the 
session partner , and utilizes the co - shared network resources first session partner 32 and the fourth session partner 37 . 
over the first network hop . And refraining from creating the And responsive to determining that the expected maximum 
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e2eL of the S , can exceed 300 microseconds , the SCM 31 utilizes network resources over a fourth network hop 
refrains from creating the second Sd directly connected to the fourth session partner , and utilizes 

Optionally , the resource reservation network illustrated in the co - shared network resources over the first network hop . 
FIG . 3 further includes a fourth session partner and a fourth And refraining from creating the second Sa responsive to 
network hop directly connected to the fourth session partner . 5 determining that the maximum e2eL of the second S , being 
The SCM calculates the maximum e2eL of a second poten - above 300 microseconds . 
tial S , between the first session partner and the fourth session Alternatively , the method may further include calculating 
partner . The second potential S , requires allocation of net maximum e2eL of a second potential S , between the first 
work resources over the fourth network hop , and utilizes the session partner and a fourth session partner . The second 
co - shared network resources over the first network hop . And 10 potential S , utilizes network resources over a fourth network 
the SCM refrains from creating the second S , responsive to hop directly connected to the fourth session partner , and 
determining that the expected maximum e2eL of the second utilizes the co - shared network resources over the first net 
S ; being above 300 microseconds . work hop . And not creating the S , responsive to determining 

In another option , the resource reservation network that the expected maximum e2eL of the S , can exceed 300 
includes a fourth session partner and a fourth network hop 15 microseconds as a result of creating the second S , . 
directly connected to the fourth session partner . The SCM In one embodiment , the method may further include 
calculates the maximum e2eL of a second potential S , guarantying maximum e2eL below 100 microseconds for 
between the first session partner and the fourth session each of the S , and the S , . Additionally or alternatively , the 
partner . The second potential Sa requires allocation of net - method may further include guarantying the e2eL by limit 
work resources over the fourth network hop , and utilizes the 20 ing the packet length and maximum burst size . Optionally , 
co - shared network resources over the first network hop . And the Sd utilizes the co - shared network resources , and not 
the SCM refrains from creating the second S , responsive to allocating specifically for the S , any network resources over 
determining that as a result of creating the second Sã , the the first network hop . The method may further include 
expected maximum e2eL of the S , can exceed 300 micro - utilizing a routing protocol while creating the S , and the Sd 
seconds . 25 in order to guarantee that all data packets traveling in either 

In one embodiment , the resource reservation network direction of each of the S , and the Sa travel over the same 
guarantees maximum e2eL below 100 microseconds for network paths . And optionally , the S , may utilize the same 
each of the S , and the Sd . Optionally , the packet length and S , identification value ( ID ) for both directions , and the Sa 
maximum burst size are limited in order to guarantee the may utilize the same S , ID for both directions . 
e2el . Optionally , the S , utilizes the co - shared network 30 FIG . 4 illustrates one embodiment of a resource reserva 
resources , and the SCM does not allocate specifically for the tion network 40 that switches fast between bi - directional 
Seany network resources over the first network hop . Option - co - shared sessions having different network paths . A SCM 
ally , the SCM utilizes a routing protocol while creating the 41 creates a bi - directional parent session ( S ) , between a first 
S , and the Sd in order to guarantee that all data packets session partner 42 and a second session partner 43 , by : 
traveling in either direction of each of the S , and the S , 35 allocating co - shared network resources over a first network 
travel over the same network paths . Optionally , the S h op 42a directly connected to the first session partner 42 , 
utilizes the same S , identification value ( ID ) for both direc and allocating network resources over a second network hop 
tions , and the Sd utilizes the same S , ID for both directions . 43a directly connected to the second session partner 43 . The 
Optionally , the SCM is implemented within at least one of first network hop 42a and the second network hop 43a are 
the session partners , and / or within a switch element , and / or 40 connected through a network entity 45a , such as a network 
within a central network controller . And optionally , the router and / or a network switch . The SCM 11 also creates a 
resource reservation network is an HDBaseT® network , and bi - directional derivative session ( S , ) between the first ses 
allocating network resources to a session includes allocating s ion partner 42 and a third session partner 44 , by : allocating 
network bandwidth to the session . network resources to the Sd over a third network hop 44a 

In one embodiment , a method for maintaining low latency 45 that is directly connected to the third session partner 44 , and 
of co - shared sessions over a resource reservation network not allocating specifically for the S , all the network 
includes the following steps : In step 1 , creating a bi - resources required for the S , over the first network hop 42a . 
directional parent session ( Sn ) , between first and second It is noted that sentences such as “ not allocating specifically 
session partners , by : allocating co - shared network resources for the S , all the network resources required for the S , over 
to the S , over a first network hop directly connected to the 50 the first network hop ” mean that the Sa has to utilize at least 
first session partner , and allocating network resources over some of the co - shared network resources for its operation . 
a second network hop directly connected to the second The resource reservation network 40 is able to switch fast 
session partner . The network resources allocated to the S , between a first state where the S , utilizes more than 50 % of 
guarantee maximum end - to - end latency ( e2eL ) below 300 the co - shared network resources , to a second state where the 
microseconds . 55 S , utilizes more than 50 % of the co - shared network 

In step 2 , calculating maximum e2eL of a potential resources , without terminating the Sg . Wherein the fast 
bi - directional derivative session ( SM ) between the first ses switching is performed within a duration that is less than half 
sion partner and a third session partner . The potential S , the duration required to create the St . It is noted that 
utilizes network resources over a third network hop directly sentences such as " the duration required to create the S ; " 
connected to the third session partner , and utilizes the 60 refer to the duration it takes to create the S , without prior 
co - shared network resources over the first network hop . arrangements or prior calculations , which may reduce the 

And in step 3 , creating the S , responsive to determining duration to create the S , from scratch . 
that the maximum e2eL of the S , being below 300 micro - Still referring to the resource reservation network illus 
seconds . trated in FIG . 4 , the S , may utilize in the first state more than 

The method may further include calculating maximum 65 90 % of the co - shared network resources on the first network 
e2eL of a second potential S , between the first session hop , and the S , may utilize in the second state more than 
partner and a fourth session partner . The second potential Sd 90 % of the co - shared network resources on the first network 
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hop . Optionally , the resource reservation network switches and / or enable performances that are complicated to achieve 
between the first and second states within a duration that is with unidirectional co - shared sessions . 
less than one - tenth the duration required for the resource FIG . 5 illustrates one embodiment of a method for cre 
reservation network to create the St . ating bi - directional co - shared sessions over a resource res 

Optionally , the S , may utilize in the first state more than 5 ervation network . The method includes at least the following 
99 % of the co - shared network resources on the first network steps : In step 50 , sending a first message over a bi - direc 
hop , and the S , may utilize in the second state more than tional parent session network path ( P . ) between first and 
99 % of the co - shared network resources on the first network second session partners . The first message indicates bi 
hop . Optionally , the resource reservation network switches directional network resources to be allocated by each net 
between the first and second states within less than 10 10 work entity along the P , in order to create a bi - directional 
milliseconds . Optionally , the SCM does not allocate specifi - parent session ( S . ) . The S , includes co - shared network 
cally for the S , any network resources required for the S , resources over a first network hop directly connected to the 
over the first network hop . Optionally , the resource reser - first session partner , and non - co - shared network resources 
vation network is an HDBaseT® network . Optionally , the over a second network hop directly connected to the second 
SCM is implemented within the first session partner , and / or 15 session partner . 
within a central network controller . And optionally , the In step 51 , responsive to the network entities along the P , 
resource reservation network is an HDBaseT® network , and indicating in the first message that they can allocate the 
allocating network resources to a session includes allocating bi - directional network resources to the Sn , creating the S , by 
network bandwidth to the session . sending a first session creation message to the network 

In one embodiment , method for fast switching between 20 entities along the P . 
bi - directional co - shared sessions having different network In step 52 , sending a second message over a bi - directional 
paths over a resource reservation network includes the derivative session network path ( P2 ) between the first ses 
following steps : In step 1 , creating a bi - directional parent s ion partner and a third session partner . The second message 
session ( S ) between first and second session partners , by : indicates non - co - shared bi - directional network resources to 
allocating co - shared network resources over a first network 25 be allocated by each non - co - shared network entity along the 
hop directly connected to the first session partner , and Pain order to create a bi - directional derivative session ( S1 ) . 
allocating network resources over a second network hop The Sa includes co - shared network resources over the first 
directly connected to the second session partner . network hop , and non - co - shared network resources over a 

In step 2 , creating a bi - directional derivative session ( S ; ) third network hop directly connected to the third session 
between the first session partner and a third session partner , 30 partner . 
by : allocating network resources to the S , over a third And in step 53 , responsive to the non - co - shared network 
network hop directly connected to the third session partner , entities along the P , indicating in the second message that 
and not allocating specifically for the S , all the network they can allocate the non - co - shared bi - directional network 
resources required for the Sd over the first network hop . resources to the Sd , creating the Sd by sending a second 

And in step 3 , switching between a first state where the S , 35 session creation message to the network entities along the 
utilizes more than 50 % of the co - shared network resources , Pt . 
to a second state where the S , utilizes more than 50 % of the The method may further include the optional step of 
co - shared network resources , without terminating the S ; registering in each co - shred network entity along the P , the 
wherein the switching is performed within a duration that is session identification value of the Sa as a co - shared session 
less than half the duration required to create the St . 40 with the S . Optionally , the second message also indicates 

In one embodiment of the method , the S , utilizes in the co - shared bi - directional network resources to be allocated 
first state more than 90 % of the co - shared network by each co - shared network entity along the P , to create the 
resources , and the S , utilizes in the second state more than S . ; and responsive to the co - shared network entities along 
90 % of the co - shared network resources . Optionally , the the P , indicating in the second message that they can allocate 
switching between the first and second states is performed 45 the co - shared bi - directional network resources to the S1 , 
within a duration that is less than one - tenth the duration sending the second session creation message . 
required to create the Sg . Additionally or alternatively , the S , Optionally , the method further includes sending a third 
utilizes in the first state more than 99 % of the co - shared message over a second bi - directional derivative session 
network resources , and the S , utilizes in the second state network path ( P ) between the first session partner and a 
more than 99 % of the co - shared network resources . Addi - 50 fourth session partner . The third message indicates non - co 
tionally or alternatively , the switching between the first and shared bi - directional network resources to be allocated by 
second states is performed within less than 10 milliseconds . each non - co - shared network entity along the P12 to create a 
Optionally , the creating of the Sa does not allocate specifi - second bi - directional derivative session ( S12 ) . The Sp2 
cally for the Sa any network resources required for the Sd includes co - shared network resources over the first network 
over the first network hop . Optionally , the resource reser - 55 hop , and non - co - shared network resources over a fourth 
vation network is an HDBaseT® network . Optionally , the network hop directly connected to the fourth session partner . 
first session partner manages the creating of the S , and the And not creating the Sq2 responsive to detecting that at least 
switching between the first and second states . Alternatively , one non - co - shared network entity along the P cannot 
a central network controller manages the creating of the S , allocate the indicated non - co - shared bi - directional network 
and the switching between the first and second states . 60 resources for the Sjo . 

In some cases , a network architecture based on bi - direc - Alternatively , the method may further include sending a 
tional co - shared sessions ( i . e . , which defines both directions third message over a second bi - directional derivative session 
of the co - shared sessions , and not just unidirectional co - network path ( PD ) between the first session partner and a 
shared sessions ) provides advantages over a network archi - fourth session partner . The third message indicates both 
tecture based on unidirectional co - shared sessions . For 65 shared and non - co - shared bi - directional network resources 
example , in some cases utilizing bi - directional co - shared to be allocated along the Pp to create a second bi - directional 
sessions may simplify the management of the network , derivative session ( S . 2 ) . The Sp2 includes co - shared network 
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resources over the first network hop , and non - co - shared resources to be allocated by each co - shared network entity 
network resources over a fourth network hop directly con along the P , to create the S , ; and the SCM sends the second 
nected to the fourth session partner . And not creating the Sja session creation message responsive to the co - shared net 
responsive to detecting that at least one co - shared network work entities along the P , indicating in the second message 
entity along the P cannot allocate the indicated co - shared 5 that they can allocate the co - shared bi - directional network 
bi - directional network resources for the Sd2 . resources to the St . 

In one example , when a network entity along a potential Optionally , the SCM sends a third message over a second 
network path receives a message that requests network bi - directional derivative session network path ( P ) between 
resource allocation for a new co - shared session , but cannot the first session partner and a fourth session partner . The 
make the allocation , the network entity rolls back a message 10 third message indicates non - co - shared bi - directional net 
to the previous network entities in order to notify them to work resources to be allocated by each non - co - shared net 
release the allocated network resources . work entity along the P12 to create a second bi - directional 

In another example , when creating a Sq , each co - shared derivative session ( S12 ) . The S 2 includes co - shared network 
node ( on the network paths of both the S , and the Sj ) resources over the first network hop , and non - co - shared 
operates under an assumption that the co - shared sessions do 15 network resources over a fourth network hop directly con 
not use simultaneously more bandwidth than the total band nected to the fourth session partner . And the SCM does not 
width allocated to the Sy . Thus , the co - shared node does not create the Sd2 responsive to detecting that at least one 
take in account the bandwidth used by the one or more sa non - co - shared network entity along the Pin cannot allocate 
when calculating whether it can allocate the indicated bi - the indicated non - co - shared bi - directional network 
directional network resources for a S , . A node that is not a 20 resources for the S . 
co - shared node ( such as a node outside the network paths of In another option , the SCM sends a third message over a 
the Sp ) needs to take in account the bandwidth used by the second bi - directional derivative session network path ( P12 ) 
S , in order to calculate whether it can allocate the indicated between the first session partner and a fourth session partner . 
bi - directional network resources for the Sg . The third message indicates both shared and non - co - shared 

Optionally , each S , reports to a central network controller 25 bi - directional network resources to be allocated along the 
its session usage property , which indicates the amount of Pato create a second bi - directional derivative session ( S / ) . 
bandwidth to be reserved for the St . A certain S , can reserve The S , includes co - shared network resources over the first 
bandwidth only from the remaining bandwidth after deduct - network hop , and non - co - shared network resources over a 
ing the other session usage properties that already have been fourth network hop directly connected to the fourth session 
reserved , in order to ensure that the total reserved bandwidth 30 partner . And the SCM does not create the Sj , responsive to 
does not reach the total bandwidth allocated to the Sp . detecting that at least one co - shared network entity along the 

In one embodiment , resource reservation network Pocz cannot allocate the indicated co - shared bi - directional 
includes a session creation module ( SCM ) . The SCM sends network resources for the S : 19 . 
a first message over a bi - directional parent session network In still another option , the network entities are one or 
path ( P . ) between first and second session partners . The first 35 more of the following : a network switch , a network router , 
message indicates bi - directional network resources to be and a network repeater . Optionally , the SCM is implemented 
allocated by each network entity along the P , to create a in a network controller coupled to the network . And option 
bi - directional parent session ( S . ) . The S , includes co - shared ally , the resource reservation network is an HDBaseT® 
network resources over a first network hop directly con - network , and allocating network resources to a session 
nected to the first session partner , and non - co - shared net - 40 includes allocating network bandwidth to the session . 
work resources over a second network hop directly con - FIG . 6 illustrates one embodiment of a method for fast 
nected to the second session partner . switching between bi - directional co - shared sessions having 

The SCM further creates the Sq , by sending a first session different network paths over a resource reservation network . 
creation message to the network entities along the Py , after The method includes at least the following steps : In step 60 , 
the network entities along the P , indicate in the first message 45 creating a bi - directional parent session ( S . ) between first and 
that they can allocate the bi - directional network resources to second session partners , by : allocating co - shared network 
the S , resources over a first network hop directly connected to the 

The SCM further sends a second message over a bi - first session partner , and allocating network resources over 
directional derivative session network path ( P : ) between the a second network hop directly connected to the second 
first session partner and a third session partner . The second 50 session partner . 
message indicates non - co - shared bi - directional network In step 61 , creating a bi - directional derivative session ( SJ ) 
resources to be allocated by each non - co - shared network between the first session partner and a third session partner , 
entity along the P , to create a bi - directional derivative by : allocating network resources to the S , over a third 
session ( SJ ) . The Sq includes co - shared network resources network hop directly connected to the third session partner , 
over the first network hop , and non - co - shared network 55 and not allocating specifically for the S , all the network 
resources over a third network hop directly connected to the resources required for the S , over the first network hop . 
third session partner . And reassigning a predetermined amount of the co - shared 

And the SCM further creates the Sq , by sending a second network resources ( PA - CSNR ) assigned to the S , using the 
session creation message to the network entities along the following steps : In step 62 , sending a first message , from the 
Po , after the non - co - shared network entities along the Pa 60 first session partner to the second session partner , to request 
indicate in the second message that they can allocate the the second session partner to stop using the PA - CSNR . In 
non - co - shared bi - directional network resources for the St . step 63 , sending a second message from the second session 

The above embodiment may have various options . The partner to the first session partner , wherein each of the 
co - shared network entities along the P , may register the network entities that operates the co - shared network 
session identification value of the S , as a co - shared session 65 resources for the S , registers in the second message whether 
with the S , . Additionally or alternatively , the second mes - it is set to assign the PA - CSNR to the Sg . And in step 64 , 
sage also indicates co - shared bi - directional network sending a third message , from the first session partner to the 
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third session partner , which allows the third session partner The embodiments of the invention may include any 
to utilize at least some of the PA - CSNR for the Sa variety of combinations and / or integrations of the features of 

The method may further include the step of terminating the embodiments described herein . Although some embodi 
the Sd by releasing allocated network resources over the ments may depict serial operations , the embodiments may 
third network hop , and returning the co - shared network 5 perform certain operations in parallel and / or in different 
resources to the Sy . Optionally , the method further includes orders from those depicted . Moreover , the use of repeated 
sending a termination message , from the first session partner reference numerals and / or letters in the text and / or drawings 
to the third session partner or from the third session partner is for the purpose of simplicity and clarity and does not in 

itself dictate a relationship between the various embodi to the first session partner , in order to terminate the Sd . 
Optionally , each of the network entities that operates the 10 ments and / or configurations discussed . The embodiments 

are not limited in their applications to the order of steps of co - shared network resources for the S , registers in the third the methods , or to details of implementation of the devices , message that it assigned the PA - CSNR to the Sg . And the set in the description , drawings , or examples . Moreover , method may further include sending a fourth message , from individual blocks illustrated in the figures may be functional 
the third session partner to the first session partner , to inform 15 in nature and therefore may not necessarily correspond to 
the first session partner that the co - shared network resources discrete hardware elements . In the claims , the terms “ first ” , are assigned to the Sd : “ second ” and so forth are to be interpreted merely as ordinal 

In one embodiment , a resource reservation network designations , and shall not be limited in themselves . 
include a SCM that creates a bi - directional parent session While the methods disclosed herein have been described 
( Sp ) , between first and second session partners , by : allocat - 20 and shown with reference to particular steps performed in a 
ing co - shared network resources over a first network hop particular order , it is understood that these steps may be 
directly connected to the first session partner , and allocating combined , sub - divided , and / or reordered to form an equiva 
network resources over a second network hop directly lent method without departing from the teachings of the 
connected to the second session partner . embodiments . Accordingly , unless specifically indicated 

The SCM further creates a bi - directional derivative ses - 25 herein , the order and grouping of the steps is not a limitation 
sion ( S , ) between the first session partner and a third session of the embodiments . Furthermore , methods and mechanisms 
partner , by : allocating network resources to the S , over a of the embodiments will sometimes be described in singular 
third network hop that is directly connected to the third form for clarity . However , some embodiments may include 
session partner , and not allocating specifically for the S , all multiple iterations of a method or multiple instantiations of 
the network resources required for the S , over the first 30 a mechanism unless noted otherwise . For example , when a 
network hop . processor is disclosed in one embodiment , the scope of the 
And the SCM reassigns a predetermined amount of the embodiment is intended to also cover the use of multiple 

co - shared network resources ( PA - CSNR ) assigned to the S , processors . Certain features of the embodiments , which may 
using the following steps : ( i ) sending a first message , from have been , for clarity , described in the context of separate 
the first session partner to the second session partner , to 35 embodiments , may also be provided in various combinations 
request the second session partner to stop using the PA - in a single embodiment . Conversely , various features of the 
CSNR , ( ii ) sending a second message from the second embodiments , which may have been , for brevity , described 
session partner to the first session partner , wherein each of in the context of a single embodiment , may also be provided 
the network entities that operates the co - shared network separately or in any suitable sub - combination . Embodiments 
resources for the S , registers in the second message whether 40 described in conjunction with specific examples are pre 
it is set to assign the PA - CSNR to the Sd , and ( iii ) sending sented by way of example , and not limitation . Moreover , it 
a third message , from the first session partner to the third is evident that many alternatives , modifications , and varia 
session partner , which allows the third session partner to tions will be apparent to those skilled in the art . It is to be 
utilize at least some of the PA - CSNR for the St . understood that other embodiments may be utilized and 

Optionally , SCM terminates the S , by releasing allocated 45 structural changes may be made without departing from the 
network resources over the third network hop , and returning scope of the embodiments . Accordingly , this disclosure is 
the co - shared network resources to the S , . And optionally , intended to embrace all such alternatives , modifications , and 
the resource reservation network is an HDBaseT® network , variations that fall within the spirit and scope of the 
and allocating network resources to a session includes appended claims and their equivalents . 
allocating network bandwidth to the session . 

Herein , a predetermined value , such as a predetermined We claim : 
confidence level or a predetermined threshold , is a fixed 1 . A method for fast switching between bi - directional 
value and / or a value determined any time before performing co - shared sessions having different network paths over a 
a calculation that compares a certain value with the prede - resource reservation network , comprising : 
termined value . A value is also considered to be a predeter - 55 creating a bi - directional parent session ( S . ) between first 
mined value when the logic , used to determine whether a and second session partners , by : allocating co - shared 
threshold that utilizes the value is reached , is known before network resources over a first network hop directly 
start of performing computations to determine whether the connected to the first session partner , and allocating 
threshold is reached . network resources over a second network hop directly 

In this description , references to " one embodiment ” ( and 60 connected to the second session partner ; 
its variations ) mean that the feature being referred to may be creating a bi - directional derivative session ( Sd ) between 
included in at least one embodiment of the invention . the first session partner and a third session partner , by : 
Moreover , separate references to “ one embodiment " , " some allocating network resources to the S , over a third 
embodiments ” , “ another embodiment ” , and “ still another network hop directly connected to the third session 
embodiment ” may refer to the same embodiment , may 65 partner , and not allocating specifically for the Sa all the 
illustrate different aspects of an embodiment , and / or may network resources required for the S , over the first 
refer to different embodiments . network hop ; and 
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reassigning a predetermined amount of the co - shared session partner , and allocating network resources over 
network resources ( PA - CSNR ) assigned to the S , using the second network hop directly connected to the 
the following steps : ( i ) sending a first message , from second session partner ; 
the first session partner to the second session partner , to the computer is further configured to create a bi - direc 

request the second session partner to stop using the 5 tional derivative session ( S . ) between the first session 
PA - CSNR , ( ii ) sending a second message from the partner and a third session partner , by : allocating net 
second session partner to the first session partner , work resources to the Scover the third network hop that 
wherein each of the network entities that operates the is directly connected to the third session partner , and 
co - shared network resources for the S , registers in the not allocating specifically for the Sa all the network 
second message whether it is set to assign the PA - 10 resources required for the Sjover the first network hop ; 
CSNR to the S . , and ( iii ) sending a third message , from 
the first session partner to the third session partner , the computer is further configured to reassign a predeter 
which allows the third session partner to utilize at least mined amount of the co - shared network resources 
some of the PA - CSNR for the Sq . ( PA - CSNR ) assigned to the S , using the following 

2 . The method of claim 1 , further comprising terminating 15 steps : ( i ) sending a first message , from the first session 
the Sd by releasing allocated network resources over the partner to the second session partner , to request the 

third network hop , and returning the co - shared network second session partner to stop using the PA - CSNR , ( ii ) 

resources to the S , . sending a second message from the second session 
3 . The method of claim 2 , further comprising sending a partner to the first session partner , wherein each of the 

termination message , from the first session partner to the 20 network entities that operates the co - shared network 
third session partner or from the third session partner to the resources for the S , registers in the second message 
first session partner , in order to terminate the Sa whether it is set to assign the PA - CSNR to the Sd , and 

4 . The method of claim 1 , wherein each of the network ( iii ) sending a third message , from the first session 
entities that operates the co - shared network resources for the partner to the third session partner , which allows the 
Sa is configured to register in the third message that it 25 third session partner to utilize at least some of the 

PA - CSNR for the Sq . assigned the PA - CSNR to the S . . 
5 . The method of claim 4 , further comprising sending a 7 . The resource reservation network of claim 6 , wherein 

fourth message , from the third session partner to the first the computer is further configured to terminate the S , by 
session partner , to inform the first session partner that the releasing allocated network resources over the third network 
co - shared network resources are assigned to the S . 30 hop , and returning the co - shared network resources to the 

6 . A resource reservation network , comprising : 
a computer , and first , second and third network hops ; 8 . The resource reservation network of claim 6 , wherein 
the computer is configured to create a bi - directional the resource reservation network is an HDBaseT® network , 

parent session ( S . ) , between first and second session and allocating network resources to a session comprises 
partners . by : allocating co - shared network resources 35 allocating network bandwidth to the session . 
over the first network hop directly connected to the first 

S , 


